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modifying the surface chemistry either with chemical agents
[2] or with oxygen plasma [3]. Forming the functional
layers before completing the microchannel structure is very
challenging since the functional layers (mostly biopolymers)
do not tolerate the high temperature during the wafer
bonding process. The traditional photolithography is not
appropriate to pattern these layers within the microchannel
after the wafer bonding process. An in-device wafer-level
enzyme layer formation was reported to address this issue
[4]. This method demonstrated a "hydrogel column"
structure within the microfluidic channel. Here we describe
a new in situ patterning method to form a hydrogel film
layer on SU-8 surface adapted from a photografted
polymerization procedure based on a covalently linked
initiator [5].

Abstract - Due to the high flexibility and versatility in the
process development of microfluidic devices, an epoxybased, high-aspect ratio photoresist SU-8 is now
attracting attention as the main structuring material of
the fluidic channels. Manipulation of the surface
properties of SU-8 channel wall is critical to attach
functional films such as enzyme-immobilized layers or
biocompatible layers. We describe a new in situ
patterning method to form a hydrogel film on SU-8 by a
photografted polymerization procedure.
The
hydrophobic surface of SU-8 is modified using a surface
bound initiator HCPK (1-hydroxycyclohexyl phenyl
ketone). A p-HEMA (poly-2-hydroxyethylmethacrylate)
hydrogel film is grafted by photopolymerization of
solution-phase precursors on the modified surface. The
contact angle measurements reveal that the
hydrophilicity was increased after the grafting. This is a
promising in situ formation method of patterned
functional films within a completed microfluidic
channel.

II. PHOTOGRAFTING PROCESS
Fig. 1 shows the chemistry of photografted
polymerization: HEMA has a long history of use as a
hydrogel for enzyme immobilization due to its good uptake
of water and relative biocompatibility [6].
Fig. 2 is the prospective process sequence for
photopattemable formation of biorecognition hydrogel layer
based on the proposed chemistry. The whole SU-8 surface
is exposed to UV in contact with the HCPK solution. The
treated surface is then coated with the HEMA monomer
solution. The poly-HEMA hydrogel layer remains only on
the selected area exposed to UV. The remaining portion of
the SU-8 surface that is not occupied by the poly-HEMA
may be modified with other biocompatible agents such as

I. INTRODUCTION
The traditional materials for bio-MEMS
applications, especially the bioanalytical microfluidic
devices, are glass- or silicon-based inorganic materials.
Several disadvantages of using these materials include deep
channel etching and harsh conditions during wafer bonding
processes. Therefore, the use of an epoxy-based, highaspect ratio photoresist SU-8, is now attracting attention for
its high flexibility and versatility in the design and process
of microfluidic devices.
Since the SU-8 photoresist is the main structuring
material for this application, it is critical to manipulate its
surface properties for attaching functional layers to make
biorecognition layers or to minimize the biofouling issues
for bioanalytical assays. Recently, some approaches to
increase the hydrophilicity of the hydrophobic SU-8 surface
were reported by modifying the bulk composition [1] or by
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Fig. 1. Surface chemistry of the photografting of a hydrogel film on SU-8
surface utilizing a covalently linked photoinitiator HCPK (1hydroxycyclohexyl phenyl ketone).
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minutes prior to irradiation the samples were placed in a
nitrogen-filled glovebox. Exposure to UV light (375 nm,
200 mW/cm2) was carried out for various times, ranging
from 10 - 50 minutes. Residual monomer was removed by
washing with ethanol and drying until constant weight was
noted.
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IV. RESULTS & DISCUSSION

poly-HEMA layer

A. Contact angle measurements
A 2 tL droplet of deionized water was placed on
the SU-8 surfaces and the corresponding static contact
angles were measured. Freshly prepared SU-8 samples
were shown to have a contact angle of about 800. Treatment
with this surface-grafting technique improved the
wettability of the SU-8 samples. In Fig. 3 the measured
contact angles are shown for varying compositions of the
hydrogel film. Increasing the concentration of HEMA
monomer effectively increases the hydrophilicity of the
surface. Influence of the polymerization time (UV
irradiation time) was also investigated. For the case of 9500
HEMA concentration, the contact angle decreased with
irradiation until leveling off after 30 minutes as in Fig. 4.

patterning

Fig. 2. Process sequence for the patternable p-HEMA (poly-2hydroxyethylmethacrylate) hydrogel film on SU-8 by photografting of
solution-phase precursor. The remainder of the SU-8 surface can be
modified with biocompatible agents to minimize the biofouling problem of
biosensors.

polyethylene glycol (PEG) [7] by simply immersing it in the
PEG solution. The major difference of this approach from
the traditional photolithography is that the use of solutionphase precursor solutions. Therefore this method is useful
to selectively deposit functional layers in situ in a completed
polymeric microfluidic channels by sequentially injecting
the necessary solutions.
III. EXPERIMENTS

60
-

A. SU-8 sample preparation
The 4-inch silicon wafers were cleaned according
to the standard cleaning procedures. The negative-tone SU8 2050 (MicroChem Inc.) was spin-coated on the wafer to
produce a film thickness of about 120 ptm. After softbaking at 90 °C for 10 minutes, the whole surface was
flood-exposed to UV for polymerization. The hard-baking
step was conducted at 120 °C for 60 minutes on a hot plate.
The wafers were then cut into pieces of about 1 x 1 cm2
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B. SU-8 grafting ofsurface initiator
Before treatment, the SU-8 material was placed in
an ethanol solution for twelve hours to remove any
unreacted photoresist. Samples were then dried in a vacuum
oven at 40 °C for twelve hours and weighed. The wafers
were immersed in a 500 (w/w) solution of the photoinitiator
1-hydroxycyclohexyl phenyl ketone (HCPK, Sigma) in
ethanol and placed in a nitrogen environment 30 minutes
prior to reaction. The HCPK was covalently bound to the
SU-8 surface through irradiation with UV light (375 nm,
200 mW/cm2, 10 minute exposure time) using an UV LED
(Opto Technologies, Inc). The wafers were then soaked in
ethanol overnight to remove any residual HCPK.

C. Hydrogelformation
The HEMA
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Fig. 3. SU-8 contact angle changes with respect to the concentration of
HEMA monomer in the precursor solution.
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and crosslinker,
tetraethylene glycol dimethacrylate (TEGDMA), were
mixed and pipetted on the modified SU-8 surfaces to form a
thin film. As oxygen is a free-radical scavenger, thirty
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Fig. 4. SU-8 contact angle changes with respect to the UV irradiation time
for the HEMA polymerization.
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irradiation. Secondly, a hydrogel layer was grown off the
substrate material, ultimately resulting in increased surface
wettability. Contact angle measurements indicated a
hydrogel formed from 2% TEGDMA and 98% HEMA was
the most wettable. It was also noted that the hydrophilicity
of the surface was a function of UV irradiation time.
Future plans include the covalent immobilization
of acrylated enzymes within the poly-HEMA hydrogel
layer. We anticipate that the proposed method is useful to
deposit patterned functional layers in situ in a microchannel
after the wafer bonding process. The resulting layers will be
viable components embedded within polymeric
microchannels for electrochemical and/or optical
bioanalytical assays.
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Fig. 5. ATR FTIR spectra of modified SU-8 surfaces. a.) Unmodified SU-8
surface. b.) Surface after 10 minutes of UV initiated polymerization. c.)
Surface after 50 minutes of polymerization. d.) Reference spectrum of

hydrogel (95% HEMA, 5% TEGDMA).

B. ATR-FTIR analysis
The use of attenuated total reflectance (ATR) FTIR

(Thermo Electron Corporation) allows for surface chemical
analysis, with Fig. 5 (c) showing that a p-HEMA layer is
formed on the surface of SU-8. A single bounce Ge crystal
was used to probe the change in surface chemistry
associated with hydrogel formation. As can be seen, after
50 minutes (Figure 5c) the samples appear nearly identical
in chemistry to a bulk hydrogel spectrum (Figure 5d),
indicating the presence of a thick grafted layer.
IV. CONCLUSION

The surface chemistry of the negative tone
photoresist SU-8 was modified with a surface-grafting
technique. Initiator molecules were first bound after UV
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